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(57) Abstract: A method for vacuum packagirig MEMS devices is provided that comprises forming a plurality of MEMS devices 
^ (12) on a device wafer (10). A first sealing ring (16) is fonnedsunounding one of the MEMS devices (12) 



^ pads C70). A plurality of integrated dicuit d^ices (80) is formed on a lid wafo- (30) where each integrated circuit device (80) has 
one or more associated mating pads (82) and one or more associated bonding pads (86). A plurality of second sealing rings (32) is 
formed on the Ud wafer (30) where each of the second sealing rings (32) sunounds one of the mtegrated circuit devices (80) and any 
assoriatfd bonding pads (82), The second seaUng ring (32) is positioned between the perimeter of the integrated circuit device (80) 
and the associated bonding pads (86). A sealing layer is formed oh either each first sealing ting (16) or each second sealing ring 
(32). The device wafer (10) is mated with the lid wafer (30) in a vacuum envin^^ 
each vacuum package cadoscs one or more of the MEMS devices (12) and one or more of the i^ 
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VACUUM PACKAGE FABRICATION 
OP MICROELECTROMECHANICAL SYSTEM DEVICES 
WITH INTEGRATED CIRCUIT COMPONENTS 

TECHNICAL FIELD OF THE INVENTION 

This invention relates to integrated circuit 
fabrication, and more particularly, to a method for 
vacuum packaging microelectromechanical system devices 
with integrated circuit components during fabrication. 

BACKGROUND OF THE INVENTION 

Microelectromechanical systems (MEMS) are integrated 
micro devices or systems combining electrical and 
mechanical components. MEMS devices are fabricated using 
^ standard integrated circuit batch processing techniques . 
MEMS devices are used in many ways including sensing, 
controlling, and actuating on the micro scale. MEMS 
devices function individually or in arrays to generate 
effects on a macro scale. 

Many MEMS devices require a vacuum environment in 
order to attain maximum performance- The vacuum package: 
also provides protection and an optimal operating 
ehyirorimeht for the MEMS device. Examples of these MEMS 
dfevices • are ih^^ MEMS such a^ : bp^ and certain 

:iriertial MEMS such as gyros and accelerometers. 
Currently MEMS deviceis are individually packaged in 
vacuum comp^tibie packages after fabrication and dicing 
of the MEMS device- Of ten, packaging ; cos[$:^ of MEMS 
devices is 10 to 100 times the fabrication costs. These 
hi^h packagin^^^ it; difficult to develop 

doinmercially viable vacuum devices.. 

MEMS devices, are fragile especially after dicing 
Care must be taken in handling these -devices; and 
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traditional integrated circuit fabrication machinery 
cannot adequately handle and protect MEMS devices. 
Therefore, special handling techniques have been 
developed to protect the MEMS devices until vacuum 
packaging has been completed. These special handling 
procedures add additional cost to the production of. MEMS 
devices. 

SUMMARY OF THE INVENTION 

From the foregoing, a need has arisen for. ah 
improved method for vacuum packaging MEMS or similar • 
devices with integrated circuit components during 
fabrication. In accordance with the present invention, 
an improved method for vacuum packaging MEMS or similar 
devices with integrated circuit cpmppnents during 
fabrication is provided to substantially reduce 
disadvantages or problems associated with traditional 
methods of vacuum packaging MEMS or similar devices with 
integrated circuit components. 

According to one embodiment of the present 
invention, there is provided a method for vacuum 
packaging MEMS devices that comprises forming a plurality 
of MEMS devices on a device silicon wafer with each MEMS 
device and any associated mating pads surrounded by one 
of a. plurality of first sealing rings. Next, a plurality 
of integrated circuit devices are formed on ^ lid wafer 
where each of the plurality .of integrated circuit devices 
has one or more mating pads corresponding in position to 
the' associated mating pads coupled to the tffiMS device 
enable connection, of the integrated circuit devices to 
the MEMS devices providing electrical connections there 
between. Next, a plurality of second, sealing rings is 
formed on the lid wafer . where each, of the plurality of 
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second sealing rings surrounds one of the plurality of 
integrated circuit devices and the one or more mating 
pads coupled to the integrated circuit device. Each of 
the plurality of second sealing rings is positioned 
between the perimeter of the integrated circuit device 
and one or more bonding pads coupled to the integrated 
circuit device. Next, a sealing layer is formed on 
either each of the plurality of first sealing rings or 
each of the plurality of second sealing rings. Next, the 
device wafer is mated with the lid wafer in a vacuum 
environment to form a plurality of vacuum packages where 
each vacuum package encloses one or more of the plurality 
of MEMS devices and one or more of the integrated circuit 
devices . 

The present invention provides various advantages 
over traditional vacuum packaging methods. One technical 
advantage of the present invention is that vacuum 
packaging is incorporated into the fabrication process of 
MEMS devices. Another technical advantage is the 
elimination of individual MEMS vacuum packaging and 
individual die handling. Yet another advantage of the 
present invention is that all MEMS devices on. a. silicon 
wafer are vacuum packaged at one tin^ during device 
fabrication, thereby significantly reducing the cpstts 
associated with vacuum packaging MEMS devices . This 
reduction in costs should result in the development of 
commercially viable MEMS devices. Yet another advantage 
of the present invention is that MEMS devices are 
protected at an earlier . stage in . f abricat'ibn. Another 
advantage is the ability to use traditional, methods of 
handling integrated circuits, after, a MEMS device is 
vacuum packaged and diced. Still another advantage Of 
the present invention is the aJDility to test all MEMS. 
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devices after vacuum packaging but before dicing using 
traditional integrated circuit testing procedures- Other 
advantages may be readily ascertainable by those skilled 
in the art. 

BRIEF DESCRIPTION OF TNE DRAWINGS 

For a more complete understanding of the present 
invention and the advantages thereof, reference is now: 
made to the following description taken in conjunction 
with the accompanying drawings : 

FIGURE 1 is a top view of a silicon wafer having 
MEMS devices f ormed . thereon; 

FIGURE 2 is a top view of the silicon wafer of 
FIGURE 1 illustrating a sealing ring surrounding eiach 
MEMS device on the wafer; 

FIGURE 3 is a top view of a single MEMS device 
illustrating the MEMS, device, associated bonding pads, 
and the surrounding sealing ring; ... 

FIGURE 4 is a cross section of a single MEMS, device . 
illustrating the. various layers, of the MEMS device; 

FIGURE 5 is a top view of the patterned side of . a 
silicon lid wafer; 

FIGURE 6.. is a cross, section of the silicon lid wafer 

of FIGURE 5.; 

FIGURE 7. is a cross section of the lid wafer and the 
device wafer illustrating the mating process which 
results in vacuum packaged MEMS devices; 

FIGURE 8 is a cross .section of the lid waf er prior 
to. formation of Spacers on each of the lid- sealing rings; 

FIGURE .9 is a cross section of a lid wafer after 
formatidni of the spacers on each of the lid sealing 
rings; ....... 
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FIGURE 10 is a schematic diagram of a portion of the 
lid wafer with a lid sealing ring and spacers formed 
thereon; 

FIGURE 11 is a top view of the complete device wafer 
5 and lid wafer assembly after removal of the lid wafer 

area to expose bonding pads for testing devices in the 
wafer assembly; 

FIGURE 12 is a schematic diagram of MEMS devidets 
prepared for mating with another integrated circuit 

10 device; 

FIGURE 13 is a schematic diagram of a semiconductor 
device prepared for mating with a MEMS device; and 

FIGURE 14 is a flow chart illustrating, the basic 
steps involved in wafer level vacuum packaging of MEMS 
15 devices, 

DETAILED DESCRIPTION OF TH E. INVENTION 

Infrared microelectromechanical systems (MEMS) 
devices and certain other inertial MEMS devices require a 
20 vacuum environment to attain maximum performance. For 

example, infrared microbolometers require an operating 
pressure of less than 10 millitorr to minimize thermal 
: transfer from th to. the substrate and 

..: package walls . Thus, vacuum compatible matter ials 
25 processes and equipment must; be used.. infrared devices 

also require an optically transparent cover. These, 
packaging requirements translate to high labor and 
capital expense and present a significant- cost barrier to 
coTnmercially viable MEMS devices. MEMS, dey^ 
3 0 costs are usually ten to One hundred times the: basic 

device fabrication cost even in r^asohably^ h 

The solution to high packaging costs is to eliminate 
the traditional individual, vacuum packaging of a 
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completed die. In accordance with the present invention, 
this is achieved by moving the packaging step into the. 
wafer fabrication area. A lid wafer is. aligned and 
mounted to the device wafer with an annular seal ring' of 
solder, or other sealing material, forming an enclosed., 
cell at each die location. This lid attachment process 
is completed in a vacuum environment , leaving each MEMS 
device in a vacuum cell. Interconnects are brought out 
under the solder seal ring and are isolated by a 
dielectric layer. 

Referring to FIGURE 1> a silicon device wafer is ; 
generally indicated at 10. Silicon device wafer 10 is a 
standard substrate used for fabrication of integrated 
circuit devices, MEMS devices or similar devices.: 
However, any suitable substrate material may be used. 
For example, a substrate material with integrated circuit 
readout devices embedded therein may be used as device 
wafer 10. Silicon device wafers usually have many MEMS 
devices 12 formed thereon using traditional methods of 
integrated circuit fabrication. Although the present 
embodiment of the ihVient ion is discussed in terms of 
vacuum packaging for MEMS devices, the method may be; used 
. f or vacuutn packaging of any integrated; circuit device , or 
similar devicis, formed on a substrate mateirial and 
contained within a vacuum package. Each MEMS device: 12.. 
usually has one or m:dre associated bonding pads 14 . . 
Bonding pads 14 provide the electrical connections to 
■' MEMS device • 12 . In FIGURE 1, each MEMS device 12 has two 
associated, bonding pads 14 . Although th$' 'present . ■ , 
etnbbdimerit is discussed in terms of having bondingf pads- 
oh one side of MEMS device 12 , the bonding pads co^ild 
exist on one or more sides of MEMS device. 12 depending : 
upon the. specific: application for., and. design of ,.. fIBMS 
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device 12. As stated above, MEMS device 12 could be a 
MEMS device or other micro -device formed on a suitable 
substrate and benefitting from a vacuum package. The 
term micro-device is used herein to refer to these 
devices including integrated circuit devices, MEMS . 
devices, or similar devices. 

Referring to FIGURE 2, device wafer 10 is 
illustrated having MEMS devices 12 and asspciated bonding 
pads 14 • In order to create an individual vacuum package 
over each MEMS device 12 on device wafer 10, sufficient 
area must be left in order to place a sealing, ring 16 
around each MEMS device 12. Sealing ring 16 defines the 
vacuum package around a MEMS device 12. Although the 
present embodiment is discussed in terms of one MEMS 
device 12, or micro-device, per vacuum package, or vacuum 
cell, one or more micro-devices may be enclosed in a 
vacuum cell depending on the requirements, function, and 
design of the resulting device. 

Referring to FIGURE 3, a single MEMS device 12 is 
illustrated to more completely show the layout on device 
wafer 10. A lead 18 connects each bonding pad 14 to NEMS 
device 12. A space is left between MEMS device 12 and 
bonding pad 14 to form the device sealing ring 16. Note 
that lead 18 runs beneath fabrication laye^rs to be. built 
within device sealing ring 16. Since the device sealing 
ring 16 defines the area of the device wafer 10 within 
which a vacuum package will he formed, electrical 
connections are made to bonding pads 14 without affecting 
the vacuum , seal existing around. MEMS deyic^^^ 

Referring to FIGURE 4, there is illustratecl an 
example of a single MEMS device 12 ready to .be enclosed 
within a vacuum pkckkgfe. Device wafer 10 ^ includes a 
layer of silicoii dioxide 20 deposited or . grown ..upon the 
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surface thereof prior to fabrication of MEMS device 12, 
A lead 18 on a side of the MEMS device 12 enables 
coupling to the bonding pads 14. Although the present 
embodiment is illustrated with leads on one side of. MEMS 
device 12, leads 18 could exist on one or more sides of 
MEMS device 12. Sufficient space is provided between 
MEMS device 12 and bonding pads 14 to allow fabrication, 
of sealing layers for the device sealing ring 16. 

Bonding pad 14 may be comprised of any suitable 
metal or metals for making subsequent electrical 
connections. In one embodiment, the bonding pad 14 is 
comprised of a first layer of titanium, a second layer of 
palladium, and a final layer of gold. Since bonding pad 
14 is deposited on lead 18, a solder base layer may not 
be needed for bonding pad 14. Bonding pads are 
fabricated along with the MEMS device 12 and are 
discussed here only for completeness. Bonding pads are 
not part of the vacuum packaging process. 

Although. the following will describe the formation 
of a sealing ring 16 surrounding a single MEMS device 12, 
all MEMS devices on device wafer 10 have sealing rings 
foarmed simultaneously. A dielectric layer 22 is formed 
as' the first 'step' of fabricating a device sealing -ring 16 
(not expressly shown) us ihg integrated dlr^^^ 
fabrication techniiques . Preferably, the dielectric layer 
22. is composed of silicon nitride although any suitable 
dielectric fiiay be used. Dielectric layer 22 provides 
electrical i^dlatioh f or leads .18:. 

A solder adhfesibn surf ace. 24 is f abricated , on the ; 
dielectric . layer 22 as. th<s next istep in completing the 
device sealing, iring 16. • Solder adhesion surf ace. .24 is 
^ illustrated to be cbinprised of a first layer of. titanium, 
a middle layer of palladium, and a third layer ;of gold. . 
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However, there are many suitable metals or combination of 
metals available for use in fabricating the solder 
adhesion surface 24. Solder adhesion surface 24 may be 
deposited at the same time as bonding pads 14. Although 
device sealing ring 16 has been described as utilizing a 
heat activated solder, a compression seal, such as art 
indium compression seal, may be used. If a oompression 
seal is used, then solder adhesion surface 24 is not 
formed on top of the dielectric layer 22. At this point, 
preparation of the sealing ring 16 on the device wafer 10 
is complete i Every. MEMS device 12 upon device wifer 10 
now has a sealing ring 16 prepared to receive a heat 
activated solder sealed vacuum package lid. 

Referring to FIGURE 5, there is illustrated a 
silicon lid wafer 30. Although the preferred embodiment 
utilizes a silicon wafer as a siibstrate for the lid wafer 
30, any suitable s\abst rate material may be used. Lid 
wafer 30 includes a plurality of lid sealing rings 32 
corresponding in number to device sealing rings 16 on 
device wafer 10. Each of the lid sealing rings 32 is a 
mirror image of a device sealing ring 16 so that lid 
wafer 30 mates with device wafer 10. Cavities 34 and 
bonding pad channels 36 are etchfed. in the lid wafer 30 
using an appropriate process such as wet;, pr dry etching. 
The etching process for cavities 34 and bonding pad 
channels 36 may include depositing a layer of silicon 
nitride, emd patterning the silicon nitrid^ layer to form 
an appropriate etch mask. .An orientation dependent etch, 
or other suitable process, is then, used f Iq: f oxin cavities 
34 and bonding pad channels ; 36. The siliVsoix nitride 
layer may /;be removed before depositing the seal rings 32. 
Each of the . cavities .34 is surrouhdied by a 1 id. sealing 
ring .32. The f unctiprx; pf . the cayitieis .34 is to provide 
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increased volume for a vacuum packaged MEMS device 12... 
As discussed below, the increased volume for the vacuum 
packaged MEMS device 12 provides for a higher vacuum 
level within the vacuum cell. Cavities 34 may be . 
optional in some embodiments of the present invention., 
that do not require a high vacuum. The function of the 
bonding pad channel 3 6 is to provide clearance over , 
bonding pads 14 so that a dicing saw, etching process, or 
other suitable process may be used in a later step to 
open the lid wafer to expose the bonding, pads for device 
testing before dicing of the wafer. 

Referring to FIGURE 6, there is illustrated a cross 
section of a portion of lid wafer 3 0. Lid sealing rings 
32 are fabricated on the lid wafer 30 to mate with device, 
sealing rings 16 on the device wafer 10. An etching 
process, or other suitable process, is used to etch the 
surface of lid wafer 30 creating cavities 34 and bonding 
pad channels 36. The etching process creates a cavity 34 
on lid wafer 30 corresponding to each MEMS device 12 on 
device wafer 10 and a bonding pad channel 36 in lid wafer 
30 corresponding to each row of bonding, pads 14 on device 
wafer 10; 

•• S- An' altei^nate- 

includes forming a window wafer which is then bonded to . 
the lid wafer. The window wafer may be formed by 
compietely- etching bayities 34 , and bonding pad channels 
■36 thrpugh^a wafer that . is then bdnded.to an \anetched lid 
waiEer 30. This process provides.^ smooth surfaces within 
aavities -SC and bonding pad channels 3,6 . when . bonded, to . 

the lid wafer 30. 

Another alternate process of pat terTiin^ lid .wafer 30 

ihcludes etching the -entire, surface of the lid .wafer .. 

leaving lid sealing rings 32 raised above the .surface. 
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The conplete surface of lid wafer 3 0 except lid sealing 
rings 32 would be etched to a predetermined depth. 

An optical coating may be necessary on the surface 
of the lid wafer 30 for optimal performance of MEMS 
5 device 12. If MEMS device 12 is an infrared detector or 

other optical device, an anti-reflective coating 35 is 
applied to the outer surface of lid wafer 30. In 
addition, the cavities 34 in lid wafer 30 may be coated 
with an anti-ref lective coating 37. 
10 Cavities 34 represent areas of the lid wafer 30 

directly above MEMS device 12 when fabrication is 
complete thus creating a package for MEMS device 12. 
Cavities 34 may be on the order of 0.5 to 0.75 millimeter 
deep. By etching cavities in the lid wafer 30 
15 corresponding to the area above the individual MEMS 

devices 12, a smaller surface to volume ratio is obtained 
for the interior of the individual packages created by 
the mating of lid wafer 30 with device wafer 10. This; 
smaller surface to volume ratio results in a lower 
20 internal pressure within a vacuum packaged MEMS device 

12 . Since pressure is proportional to the number of 
molecules per unit of volume, for a given number of 
molecules/ increasing the volume necessiarily reduces the 

pressure y'..^^:^;-:, 
2S After the lid wafer 30 has. been formed; a. solder 

adhesion surface 38 is deposited to form lid sealing 
rings 32. As previously noted, solder adheisipn. surf ace 
38 is not needed if a.n attachment method is used ptiher: . 
thaii heat activated solder. . In the prefer^ 
30 heat activated solder is used and, therefore, lid solder 

adhesion surface 38 is deposited to form lid sealing 
rings- 32. Lid solder adhesion, surf ace 38 is comprised of 
any combination of metal or metal alloys that will. ; 
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provide a surface wettable by the solder, and a secure 
attachment to device wafer 10, Preferably, the lid 
solder adhesion surface 38 is comprised of a first layer 
of titanium; followed by a middle layer of palladium, and 
an outer layer of gold. 

A solder layer 4 0 is deposited on lid solder 
adhesion surface 38. If a sealing method other than heat 
activated solder is used, the solder layer 4 0 is replaced 
by a material necessary to obtain a vacuum tight seal • 
In an alternative embodiment, an indium compression seal 
is used. However, in the preferred embodiment, a heat 
activated solder layer 40 is used. Solder layer 40 may 
be deposited through traditional integrated circuit 
fabrication techniques or other suitable deposition 
processes. For example, lid wafer 30 is electroplated 
resulting in solder layer 40 being deposited upon lid 
solder adhesion surface 38- Another method of depositing 
solder layer 40 includes using electroless plating. 
Another method of depositing solder layer 40 includes, 
using vacuum deposition. Yet another miethod of 
depositing solder layer 40 includes using a preformed, 
prepiinched solder layer which is aligned over lid solder 
adhesion surfaces 38 and attached thereto. Any suitable 
method of attachment may be used includ£ng:vspQt welding 
the preformed, prepunched solder layer to lid solder . 
adhesion surfaces 38. In yet another method of 
depositing solder layer 40 , a solder ball method could be 
used to deposit solder layer 40. The spider . ball miethod 
includes creating a template with a , plur^ discrete 
holes where solder would be deposited. The template 
with solder balls in/. the^ holes >: is. then aligned and 
placed on lid wafer 30 ; The -solder balls are then . , 
. released from- the tenqplaite: and attached^rto lid solder . 
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adhesion surfaces 38. When lid wafer 30 is heated to an 
appropriate level, the solder balls would melt and form a 
continuous solder layer 40. Solder layer 40 may be 
comprised of any appropriate material such as an indium 
cotrpression seal, indium solder, metal solder, metal 
alloy solder, or solder balls. Although the preferred 
embodiment deposits solder layer 40 on lid solder 
adhesion surface 38, solder layer 40 could also be 
deposited on solder adhesion surface 24 on device 
wafer 10 . ^ 

Referring to FIGURE 7, there is illustrated an 
assembly 50 including/device wafer 10 and lid wafer 30 
ready for final assembly before placement in a vacuum 
furnace (not es^ressly shown) . To prepare the assembly 
50 for placement in a vacuum furnace, the lid waff r 30 is 
placed in an assembly holder (not expressly shown) with 
the solder layer 40 facing up. Device wafer 10 is 
aligned over lid wafer 30 such that device sealing rings 
16 are ialigned over the corresponding lid sealing rings 
32. If solder layer 40 is deposited on solder adhesion 
surface 24 on device wafer 10, the device wafer is placed 
in, an assembly holder with the solder layer 40 facing up, 
> :and the lid waf^r 30 is aligned over device wafer 10» 
" /':ij£d^- wafer; 30 .arid device wafer 10 are heldvsiii alignment 
with a gap to allow outgjassing of all surface areas. The 
gap may be on the order of two millimetera. Assembly 5i0 
thus includes lid wafer 30 and device yrafer 10 aligned in 
^ an assernbly hold with a gap to allow outg^ssir^. .T^ie 
gap provides for a more complete eyaGuatipri of each . 
vacuum cell and/ thus, a higher vacuum level ;in t;he . 
resulting vacuum packaged MEMS; devices .12 . . 

Assembly 50 is placed in a vacuum furnace. The 
vacuum furnace is evacuated to a minimum pressure level 
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on the order of 2 x 10"' torr. The vacuum furnace is then 
heated to a level just below the melting point of the 
solder layer 40. For example, if the melting point of 
the solder layer 40 is 280°C, the vacuum furnace is 
5 heated to approximately 275°C. The vacuum furnace 

temperature is dependent upon the melting point of solder 
layer 40. Assembly 50 is held in the vacuum furnace for 
a period sufficient to allow outgassing of all surfaces.. 
This period may be on the order of several hours. The . 
LO holding period is determined by the final vacuum pressure 

required within the vacuum packaged MEMS device. 

After outgassing of all surfaces is complete, the 
vacuum furnace temperature is raised to the melting point 
of solder layer 40. When the solder layer 40 melts, a 
15 short period of time is allowed for outgassing of the 

solder and then device wafer 10 is brought into contact 
with lid wafer 30 creating a vacuum seal between lid . 
sealing rings 32 and device sealing rings 16. Thus, all 
MEMS devices 12 on device wafer 10 are now enclosed 
20 within a vacuum package. 

If sealing layer 40 is not heat activated, a vacuum 
chamber may be used in place of a vacuum furnace to 
provide the appropriate, vacuum environment . In that 
. . .situation,' melting of solder layer 40 wouj-d not be 
25 necessary. An application of force may then be used, to 

seal the device wafer 10 with the lid wafbr 30.; 

When device wafer 10 is brought into contact with 
li<i wafer 30, .: a non-uniform thickness of . solder layer 40 
may result. .A non-uniform spider thickniss could .result 
30 in significant losses of vacuum packaged MEMS devices 12 

due- to breaches in solder layer 40 resulting .In loss of 
-vac\i\im within the vacuum cell. FIGURES 8, 9 and 10. . 
illustrate, solder., thickness control for maintaining a . , 
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uniform solder thickness for all MEMS devices 12 on 
assembly 50. By maintaining a uniform solder thickness, 
proper vacuum seals and adequate vacuums will exist for 
each vacuum packaged MEMS device 12 on device wafer 10. 

Referring to FIGURE 8, there is illustrated the lid 
wafer 3 0 after cavities 34 and bonding pad channels 36 
have been etched leaving lid sealing rings 32 surrounding 
each cavity 34. As previously discussed, prior to 
etching of cavities 34 and bonding pad channels 36, a 
layer of silicon nitride 102 is deposited on the surface 
of lid wafer 30 and patterned to form an letch mask. An 
orientation dependent etch, or other suitable process, is 
used to form cavities 34 and bonding pad channels 36 
resulting in the configuration of lid wafer 30 shown in 
FIGURE 8. 

Referring to FIGURE 9, there is illustrated the lid 
wafer 30 having spacers 100 fortried on the lid sealing 
rings 32. Silicon nitride layer 102 is patterned and- 
etched using any suitable etching process to form, small 
islands of material defining the. spacers 100 ; The small 
islands of silicon nitride 102 may be on the order of 20 
microns in diameter. The number of islands of silicon 
nitride 102 f ozrtried ori 1 id seal ing rings 32 is determined 
to insure/; a mihimum thickness of the solder layer 40 ori ^ 
all lid sealing rings 32.. Lid wafer 30 is then exposed 
to an orientation dependent etch, or any other suitable 
patterning technique, to fprm spacers 100 on lid sealing 

' rings 32 .. The nitride on topV-^ 10.0 may 

remain; . However > the nitride layer may be-' "i^emoved if 

■ nedessiazy 

. 'V. Referring to . FIGURE 10, there .is| il lustra te^^^ 
portion of lid wafer 30 after it has been patterned and 
etched: to form cavities 34, lid sealing rings 32 ;and 



-wo 01/56921 



PCTAJSOl/03371 



16 



spacers 100. Cavity 34 is the deepest etched area on lid 
wafer 30. Above and surrounding cavity 34 is the lid 
sealing ring 32. On the top of lid sealing ring 32 are 
the spacers 100. The spacers 100 are intended to insure 
that a uniform thickness of solder will exist on lid 
sealing ring 32 after lid wafer 30 and device wafer 10 
are mated. After spacers 100 have been formed on lid 
wafer 30, lid sealing rings 32 are prepared with a solder 
adhesion surface 38 and solder layer 40 as discussed with 
reference to FIGXmE 6 and, FIGURE 7. Spacers 100 are 
placed in lid sealing ring 32 to produce a uniform 
thickness of solder. Spacers 100 may be on the order of 
5 to 20 microns high. Any suitable process may be used 
to form spacers 100 including attaching a small dot of 
material, such as silicon, to the surface of lid sealing 
ring 32 rather than etching the sUrface of lid sealing 
ring 32 . Although the process of forming spacers 100 has. 
been discussed in rfelation to vacuum packaging of MEMS 
devices 12, spacers 100 may be incorporated into any 
wafer level packaging process where a lid wafer is mated 
with a device wafer, regardless of the underlying 

con5)onents or devices. 

When th^ heated assembly 50 cools, there i^^ a' 

.^subsequent piitgas sing- of the surfaces th^ieby raising the 
pressure level within the vacuum packaged MEMS device .12 ., 
In order to minimise subsequent: outclassing of surfaces 
within vacuum packaged MEMS devices 12 50 is 
cb.oieH>t" a rkte to miiiiiitii^ze' subsequent-.;j^utg.assing Of the 
surfaces while minimizing the potential' of .-thermal-., 
stresses, upon assembly 50;^ Thermal stresses, cdiiid result 
in cracks thereby compromising the integrity of the 
. vacuum package. By quickly cooling assembly 5Q; the 
desired vacuum (lowest) pressure level within vacuuin 
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packaged MEMS devices 12 is achieved. In addition, as 
previously discussed, cavities 34 decrease the surface to 
volume ratio inside vacuum packaged MEMS device 12 
resulting in decreased pressure. Cavities 34 make the 
vacuum packaged MEMS device 12 more tolerant to 
subsec[uent butgassing of surfaces within the package. In 
accordance with the present invention, pressure levels as 
low as 5 millitorr have been achieved although lower 
pressure levels are possible. By minimizing the vacuum 
pressure, performance of certain MEMS devices is 
maximized. For instance, infrared microbolometers 
require an operating pressure of less than 10 millitorr 
to, minimize thermal transfer from the detector elements 
to the substrate or package walls . 

Referring to FIGURE 11, probe channels 54 are formed 
in lid wafer 30 by removing the lid wafer 30 over bonding 
pad channel 36. After probe channels 54 have been formed 
in lid wafer 30, bonding pads 14 are accessible through 
the probe channels. Vacuum package areas 52 illustrate 
the ar^as between lid wafer 30 and de^vice wafer 10 where 
a vacuum package exists. Within each yacuuiti package area 
52 is one or more MEMS device 12 , Pirobe channels 54 are 
preferably formed by sawing a chatmei through 
wafer 30 oVer the previously etched bonding pad channels 
36 . Probe channels 54 may also be formed by an etching 
process or other suitable technique.. 

After vprpbe channels 54 are formed in the lid wafer 
30; boiiding pads 14 are exposed. Bonding pads 14 caii 
then be- used to test each individual vaqiium packaged MfiMS 
device 12 on device wafer 10 using traditional integrated 
circuit bulk testing procedures which include probing 
each bonding pad 14 . An iiripbrtant advantage of the 
present invention is that the vacuum packaged MEMS 
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devices 12 may be tested at the wafer level thus 
minimizing the cost of verifying the operational 
integrity of each individual vacuum packaged MEMS device 
12. 

5 After testing the MEMS devices 12, the device wafer 

10 is diced by sawing through probe channels 54 between 
bonding pads 14. In addition, a dicing saw is run 
between all vacuum package areas 52 . The dicing of 
assembly 50 may be accomplished by using traditional 
10 methods of dicing Silicon wafers with completed 

integrated circuits. By vacuum packaging MEMS devices 12 
at the wafer level, traditional methods of handling 
integrated circuit devices may be used since the vacuum, 
package provides protection to the delicate MEMS device 

15 12. 

The completed die representing a vacuum packaged 
MEMS device 12 may be mounted by chip-on-board methods or 
injection molded into a plastic package. In addition, 
the completed die may be placed in a non-vacuum package 
20 with other components. 

FIGURE t2 and FIGURE 13 illustrate an .alternate 
enisbdiment of the present invent iorj that enables a device 
^ waifer i/ith^M^ with a lid wafer 

> cont airtihg other semiconductor devices? J-^t.. After 

25 fabrication of a Complementary. Metal . Oxide Semiconductor 

(CMOS) , the . CMOS circuitry generally cannot be . exposed to 
• teit^jeratures above approximately 4009 c. This. . 
temperature limitation may exist f or :c.i|rtain pther . 
integrated circuit. (IC) devices ... Typical ; ^feMS.. . 
30 fabrication techniques often, use temperatures in. excess 

of 400° C. Thus, when feOaricating MEMS devices on a 
wafer with CMOS devices, che available MEMS fabrication 
techniques are seiverely limited. One solution to this 
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problem is to separately fabricate the MEMS device and 
the CMOS device so that the CMOS device is not exposed to 
temperatures above 400© c. A MEMS die and a CMOS die are 
then placed in a package and electrically connected. 
This process x-equires expensive individual die handling. 

In an alternate embodiment of the present invention, 
MEMS devices are fabricated on a device wafer and the 
CMOS devices are fabricated on a lid wafer. These wafers 
are then vacuum sealed together to produce a wafer with 
many vacuum packaged MEMS/CMOS devices. One of the 
advantages of the alternate embodiment is that MEMS 
devices are produced without processing limitations. 
Another advantage is that wafer losses in MEMS device 
fabrication do not result in the loss of a fully 
fabricated IC wafer. Since the alternate embodiment uses 
CMOS or other I C devices formed on a lid wafer, the 
alternate embodiment may not be suitable for use with 
MEMS devices requiring an optically transparent lid. An 
example of a MEMS device benefitting from the alternate 
process is a mechanical MEMS device connected to a CMOS 
or other IC device to form a complete, operating device. 
Although the alternate embodiment will be discussed with 
a single MEMS device 12 and a single CMOS device Vacuum 
packaged together, one or more MEMS devices 12 and one or 
more CMOS devices could be incorporated into a single 
vacuum packaged die.; In addition, wafer fabrication 
design may not require every MEMS: device to be packaged 
with a CMOS device. For instance;, pne -half of the 
resulting dies may be MEMS only vacuum packaged devices 
arid the other half may be MEMS /CMOS vacuum packaged 
•devicesv 

Ref erring to FIGURE 12 > there is illustrated, a 
portion of device wafer 10 having a MEMS device 12. A . 
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typical device wafer 10 has many MEMS devices 12- One or 
more device mating pads 70 are coupled to MEMS device. 12 
through leads 72 . Device mating pads 70 are used to 
provide ah electrical connection between MEMS device 12 
5 and a CMOS or other integrated circuit. (IC) device on a 

lid wafer. Device mating pads 7 0 may be comprised of a 
solder adhesion surface as described with reference to 
bonding pads 14 and are located within the area bounded 
by device sealing ring 16 and, thus, within the resulting 
10 ., vacuum package. Device sealing ring 16 is prepared for 
mating with a lid sealing ring on a lid wafer 3 0 as 
previously described. Thus, device sealing ring 16 
includes a solder adhesion surface deposited and formed 
thereon. Since the alternate embodiment does not utilize 
15 bonding pads coupled to MEMS device 12 for providing 

electrical connections to the completed vacuum packaged 
die, a dielectric layer is not necessary for device 
sealing ring 16. The area bounded by device sealing ring 
16 represents the area inside a vacuum package . Note. ... 
20 that empty space is left within the vacuum area to 

accommodate the CMOS or other IC device formed on lid.. 

wafer 30. • 
C . . Referring tb FIGURE .13 , there is 

■ poi-tion of lid wafer 30 with a CMOS or ofel;ier IC deyiqe 80; 

25., formed thereon. Lid wafer 3 0 may have many CMOS devices 
80. Lid, sealing ring. 32 define^s the. area for forming lid 
Border adhesion surface 3 8: as previously described. One . 
or mbre lid mating pads 82 are fabricated on the lid 
wafer 30. These lid mating p^ds 82 are d Mrror image of 

30 device mating pads 70 so that when the device wafer.. .10 

ajid the lid wafer . 30 are properly aligned,, device mating 
padLs 70 and lid . mating pads. 82. will make contact thus, 
providing electrical coimection^ between MEMS deyi.ce 12 . 
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and CMOS device 80. Lid mating pads 82 are connected to 
CMOS device 80 through leads 84. As described with 
reference to bonding pads 14, the lid mating pads 82 are 
comprised of a solder adhesion surface. For each CMOS . 
device 80 on lid wafer 30, one or more package bonding 
pads 86 are connected to CMOS device 80 through leads 88. 
Note that leads 88 pass xinder the lid sealing ring 32. 
As previously described with reference to device sealing 
rings 16, the lid sealing ring 32 has a layer of silicon 
dioxide providing electrical insulation between leads 88 
and the solder seal ring formed by device sealing ring 16 
and lid sealing ring 32. Package bonding pads 86 provide 
the electrical connections for the resulting vacuum 
packaged device. As previouisly described, lid sealing 
ring 32 includes a layer of solder deposited on a lid . 
solder adhesion surface. However, the solder layer could 
be deposited o*n either the properly prepared device 
sealing ring 16 or the properly prepared lid sealing ring 
32-. ■ 

A solder layer is also deposited on either device 
mating pads 70 or lid mating . pads 82 so that a permanent 
electrical connection is made when device wafer 10 is 
mated with lid wafer 30. The solder may be any suitable 
metal or metal alloy . A lower vacuiim in j^u^m packaged 
MEMS device 12 may be expected for solder with a higher 
melting point since r a more complete outgassing. of package 
surface areas will occur. The vacuum within vacuum 
packaged M^ the qasis of ar 

solder v^^ the; sc>lder to : 

tiie; lid wkfer device wafer - , , ;v 

: // S^^ratejly to a:; hig than the : solder ; . . 

meifcing point so as to obtain a more complete surfj^ce 
outgass^iiig of dfev^ wafer 10. The desired va<;iium level 



m6Bd2lA2 t >. 



wo 01/56921 



PCT/USOl/03371 



22 

within the completed vacuum packaged MEMS device 12 and 
the temperature tolerance of lid wafer 3 0 determine the 
type of solder to be used, the furnace temperatures, and 
the furnace, vacuum level. 

After MEMS devices 12 are fabricated on device wafer 
10 and CMOS devices 80 are fabricated on lid wafer 30, 
the lid wafer is placed in an assembly holder and device 
wafer 10 is aligned over the lid wafer. If the mating 
process utilizes a furnace temperature that will not , 
damage CMOS devices 80 on lid wafer 30^ the device wafer. 
10 and: lid wafer 30 assembly are mated using the 
previously described process. If a fuimace temperature, 
will be utilized that may damage CMOS devices 80 on lid 
wafer 30, device wafer 10 may be separately heated. 
Device wafer 10 is then brought into alignment with lid. 
wafer 30 followed by contacting the two wafers in a : . 
vacuum environment to produce vacuum packaged MEMS 
devices 12. After the completed assembly is cooled,, 
probe access channels are opened above package bonding 
pads 86 (in this case, through device wafer 10) to allow 
testing of vacuum packaged MEMS devices 12 utilizing bulk 
IC testing. procedures. After all dies on the completed 
. assembly are tested, - the completed. assembly is diced into 

individual dies. 

As in the preferred embodiment, if higher vacuum 
: levels are required in vacuum packaged MEMS device 12 , an 
area, . in device waf er 10 is* etched to provide a cavity to 
increase thei surface- torvolufne rat iq of .the resulting 

.•vacuum package^^, " ■/^.::'\[;.\[ ' \,^ 

.... Referring %o; FIGtJRE 14,:: a f low chart illustrates the 
steps involved in. vacuum; packaging integrated circuit 
con5>Qnehts during fabrication. . At step 200, a plurality 
of ^'VEEIAS. devices 12 is : formed on device wafer 10 . The 
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method then proceeds to step 2 02 where a dielectric layer 
22 is formed between the perimeter of each MEMS device 12 
and associated bonding pads 14 • Dielectric layer 22 
forms a continuous ring surrounding MEMS device 12.. A 
5 dielectric layer inherent in the structure of the MEMS 

device 12 may also be used. The method then proceeds to 
step 204 where a sealing ring is formed on dielectric 
layer 22. Sealing ring 16 may include a lid solder 
adhesion surface to facilitate the mating of the device 
10 wafer 10 with a lid wafer 30 using a heat activated. 

solder. The method then proceeds to step 206 where a 
plurality of lid seailing rings 32 is formed corresponding 
in location and number to device sealing rings 16 . The 
method then proceeds to step 208 where a sealing layer is 
15 formed on each lid sealing ring 32. The sealing layer 

may be comprised of a heat activated solder, biit may be 
composed of any appropriate sealing materiatl . If MEMS 
device 12 has a support layer for any moving portions of 
MEMS device 12, the support layer is removed with an 
20 appropriate process, such as an etch process, prior to 

proceeding to step 210. 

The method then proceeds to step 210 where the 
device wafer 10 is aligned with the lid wafer 30. After 
alignment, each device sealing ring 16 is^^a^igned with 
25 its corresponding lid sealing ring .32. The method then 

proceeds to step 212 where the devic^ wafer 10 is mated 
with the lid wafer 30 in a vacuum environment thus- 
creating a plurality of Vaciiura packaged. I^MS devices 12 . 
The method then proceeds to step 214 where ^' each vacuum 
3 0 packaged MEMS device 12 is tested using traditional 

integrated circuit testing procedures. In order to . 
' facilitate testing, probe access channel is. are opened. 
a.bove bonding pads 14 coiupled to vacuutn packaged- 
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devices 12. The method then proceeds to step 216 where 
the completed assembly 50 is. diced using traditional 
integrated circuit dicing techniques. 

Although the present invention has been deiscribed in 
detail, it should be understood that various changes.^ 
substitutions, and alterations may be made, without 
departing from the spirit and the scope of the present, 
invention as . def ined by the claims,. 
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WHAT IS glAIMED IS: 

1. A method for vacuum packaging MEMS devices, 
comprising : 

forming on a device wafer a plurality of MEMS 
devices; 

forming a plurality of first sealing rings 
surrounding both one of the plurality of MEMS devices and 
one or more mating pads selectively coupled to the MEMS 
device ; 

forming on a lid wafer a plurality of CMOS or other 
integrated circuit devices, each of the plurality of CMOS 
or other integrated circuit devices having one or more 
mating pads corresponding in position to the one or more ^ 
mating pads selectively coupled to the MEMS device to 
enable selective electrical connection of the CMOS or 
other integrated circuit devices to selected MEMS 
devices ; 

forming on the lid wafer a plurality of second 
sealing rings, each of the plurality of second sealing 
rings surrovmding one of the plurality of CMOS or other 
integrated circuit devices and the one or more mating 
pads of the CMOS or other integrated circuit devices, : 
each of the plurality of second sealing rings positioned 
between the perimeter of the CMOS or otheir integrated 
circuit device and one or more bonding pads coupled to 
the CMOS or other integrated circuit device; 

forming a sealing layer on either each of the 
plurality of first sealing rings or on each of the 
plurality of second sealing rings; and 

mating the device wafer with the lid wafer in a 
vacuum environment to form a vacuum package within each 
of the plurality of first sealing rings and second 
sealing rings, each vacuum package enclosing one or more 
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of the plurality of MEMS devices and one or more of . the 
CMOS or other integrated circuit devices • 

2. The method of claim 1, wherein forming a 
plurality of first sealing rings comprises first forming 
a dielectric layer ring surrounding both one of the 
plurality of MEMS devices and one or more mating pads 
coupled to the MEMS device. 

3 . The method of claim 2/ wherein forming a . 
plurality of first sealing rings comprises forming a . . . 
solder adhesion surface on ieach of the plurality of . 
dielectric layer rings . 

4. The method of claim. 3^. wherein forming a 
plurality of solder adhesion surfaces cortprises: 
depositing a layer of titaniums- 
depositing a layer of palladium on the layer of 
titanium; and 

depositing a layer of gold on the layer of 

palladium. 

: Gaa±m\l:v rwhere 

^ cievlce wafer" with the: lid watf er^ qbmpri ses^^'w 

aligning the device wafer with the lid wafer -to. V 
^lign the plurality of - f ir^t> sealing ■ irings, with : thiel : . 
plurality of second sealing rings leaving a gap between ' 
the digvice wafeer and^the lid. waf^r;.,^^ ; 

placing the aligned- device wafer-: and lid waffer in a 
vacuum furnace; v . . 

generating a vacuum within the vacuum furnace; 

closing the gap between the device wafer and lid 
wafer thereby contacting the- plurality of first sealing 
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rings with the plurality of second sealing rings creating 
a plurality of vacuum packages, each vacuum package 
enclosing one or more of the plurality of MEMS devices 
and one or more of the CMOS or other integrated circuit 
5 devices . 

6. The method of claim 1, wherein mating the 
device wafer with the lid wafer comprises: 

aligning the device wafer with the lid wafer to 
10 align the plurality of first sealing rings with the 

plurality of second sealing rings leaving a gap between 
the device wafer and the lid wafers- 
placing the aligned device wafer and lid wafer in a 
vacuum furnace; 
15 generating a vacuum within the; vacuum furnace; 

outgassing surface areas of the device wafer and lid 
wafer assembly by heating the vacuum furnace to a 
temperature sufficient to outgas the siiir face areas; 

closing the gap between the device wafer and lid 
20 wafer thereby contacting the plurality of first sealing . 

rings with the plurality of second sealing rings creating 
a plurality of vacuum packages, each vacuum package 
enclosing; one : br; more of the plurality of MEMS devices 
and one or more of the CMOS or other integrated circuit 
25 ■ device's.; " and: 

. cooling the cbnpleted device wafer , and lid wafer 
assembly at a rate determined to minimize siibsequent 
: outgassing of surfaces within the: plurality o^^^ 
packages while minimizing thermal stresses , on the 
30 plurality of vacuum packages. 



Wd 01/56921 



PCT/USOl/03371 



28 

7. The method of claim 1, wherein mating the device 
wafer with the lid wafer comprises: 

aligning the device wafer with the lid wafer to 
align the plurality of first sealing rings with the , 
plurality of senond sealing rings leaving a gap between 
the device wafer and the lid wafer; 

placing the aligned device wafer and lid wafer in a 

vacuum furnace; 

heating and generating a vacuum within the vacuum 

furnace; 

closing the gap between the device wafer and lid 
waf^r thereby contacting the plurality of first sealing 
rings with the plurality of second sealing rings creating 
a plurality of vacuum packages, each vacuum package 
enclosing one or more of the plurality of MEMS devices 
and one or more of the CMOS or other integrated circuit 

devices; and 

cooling the completed device wafer and lid wafer 
assembly at a rate determined to minimize subsequent . 
outgassing of surfaces within the plurality of vacttum . 
packages while minimizing thermal stresses on the 
plurality of vacuum packages. 

8. . The method of claim 1, wherein forming a • 
sealirig layer comprises forming an indium compression,, 
seal on each of the second sealing rings, .. 
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9, A method for vacuum . packaging MEMS devices, 
comprising: 

forming on a device wafer a plurality of MEMS 
devices; 

forming a plurality of first sealing rings 
surrounding' both one of the plurality of MEMS devices and 
one or more mating pads selectively coupled to the MEMS 
device; 

forming on a lid wafer a plurality of integrated 
circuit devices, each of the plurality of CMOS or other 
integrated circuit devices having one or more, mating pads 
corresponding in position to the one or more mating pads 
selectively coupled to the MEMS device to enable 
selective electrical connection of the integrated circuit 
devices to selected MEMS devicess; 

forming on the lid wafer a plurality of second 
sealing rings, each of the plurality of second sealing 
rings surrounding one of the plurality of CMOS or other 
integrated circuit devices and the. one or more mating 
pads of the integrated circuit devices., each of the 
plurality of second sealing rings positioned between the 
perimeter of the integrated circuit device and one or 
more bonding pads coupled to the integrated circuit 
device;' * •"* - : 

forming a solder layer on either each of the 
plurality of first sealing;, rings or on each of the 
plurality of . second sealing rings; and 

mating the deyice wafer with the lid wafer in a 
vacuum environment to form a vacuum packa%l within each 
of the plurality of first sealing rings cind second 
sealing rings, each vacuum package enclosing one or more 
of the plurality of MEMS devices and one or more of the 
CMOS or other integrated circuit devices. 
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" 10. The method of claim 9, further comprising; 
heating the solder layer prior to mating the device 
wafer with the lid wafer, 

11. The method of claim 9, wherein depositing a 
solder layer comprises positioning a preform solder 
pattern in alignment with either the plurality of first 
sealing rings or the plurality of second sealing rings. 

12.. . The method of claim 9, wherein depositing a 
solder layer comprises electroplating a wafer to deposit 
the solder layer, 

13. The method of claim 9, wherein depositing a 
solder layer comprises vacuum deposition of the solder 
layer. 

14. The method of claim 9, wherein depositing, a 
solder layer comprises electroless plating. 

15. The method of claim 9, wherein forming a 
plurality of second sealing rings comprises forming on a 
lid wafer a plurality. of solder adhesion surfaces 
correspbnding in number and location to the. plurality o€ 
first sealing rings, 

16. The method of claim 1, further comprising: 
coating, the inner surface of the li4.. wafer within 

each of the second sealing rings with an anti-reflective 
coating;, and 

coating the outer surface of the. lid wafer with. an 
aiiti-ref lective coating- 
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17. The method of claim 1/ further comprising: 
forming one or more spacers on the plurality of 

second sealing rings. 

18. The method of claim 1, further comprising: 
forming one or more bonding pad channels in the 

device wafer corresponding in location to the bonding 
pads on the lid wafer. ; , 
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19. A method for vacuum packaging MEMS devices, 
comprising: 

forming on a device wafer a plurality of MEMS 
devices; 

forming a plurality of first sealing rings 
surrounding both one of the plurality of MEMS devices and 
one or more mating pads selectively coupled to the MEMS 
device; 

forming on a lid wafer a plurality of CMOS or other 
integrated circuit devices, each of the plurality of CMOS 
or other integrated circuit devices having one or more 
mating pads corresponding in position to the one or more 
mating pads selectively coupled to the MEMS device to 
enable selective electrical connection of the CMOS or 
other integrated circuit devices., to. selected MEMS 
devices ; 

forming on the lid wafer a plurality of second 
sealing rings, each of the plurality of second sealing 
rings surrbxanding one of the plurality of CMOS or other 
integrated circuit devices and the one or more mating 
pads of the CMOS or other integrated circuit devices, 
each of the plurality of second sealing rings positioned 
between the perimetsr.of the CMOS or other integrated 
. cirbuit device and -one- or more .bonding pads coupled to 
• the CMOS or other integrated circuit device; 

forming a scaling layer . on either each of the ; ;. 
plurality of first sealing rings or on. each .of the . . . 
plurality of second sealing . rings; 

matihg the. device wafer with the ii<t wafer in a 
vacuum environment to form a vacuum package within each 
of the plurality of first sealing rings and second 
sealing rings, each vacuum package enclosing one or more 
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of the plurality of MEMS devices and one or more of the 
CMOS of other integrated circuit devices; 

opening a plurality of probe access channels in the 
lid wafer following the formation of a plurality of 
5 vacuum packages, the plurality of probe access channels 

providing access to the bonding pads for testing of a 
plurality of vacuum packaged integrated circuit devices;. 

testing each of the plurality of vacuum packaged 
integrated circuit devices by probing the bonding pads 
10 coupled to each integrated circuit device; and . 

dicing the plurality of vacuum packaged integrated 
circuit devices following testing thereof. 

20. The method of claim 19 further cotrpfising; 

15 forming a plurality of cavities on the lid wafer, 

each of the plurality of cavities formed within and 
surrounded by one of the plurality of second sealing 
rings, the cavities formed so as to. not iriterfere with 
the CMOS or other integrated circuit devices and the one 

20 or more mating pads enclosed within each of the plurality 

of second sealing rings. 
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21. The method 'of claim :20 , wherein f ormirig a : 
plurality of cavities comprises etching^ a^^^^ of 
25 . pits in the lid wafer, each pit surrounded by p?ie of the 
plurality of second sealing rings thereby leaving a 
cavity surrounded by one of the plurality of isecond 
"..sealing rings.- . j. 



wo 01/56921 



PCT/USOl/03371 



34 

22 . A vacuum package containing a MEMS device and 
one or more integrated circuit devices, comprising: 

a MEMS device formed on a device wafer, the MEMS 
device having one or more associated device mating pads ; 

a sealing ring formed around the perimeter of the 
MEMS device and the one or more device mating pads 
associated with the MEMS device, the sealing ring 
surrounding the MEMS device and the device mating pads; 

one or more integrated circuit devices formed on a 
lid wafer, the integrated circuit devices . having one or 
more lid mating pads corresponding in number and location 
to the one or more device mating pads, the integrated 
circuit devices having one or more bonding pads; and 

wherein the sealing ring seals the lid wafer to the 
device wafer providing a vacuum package enclosing the 
MEMS device and the one or more integrated circuit 
devices, each of the one or more device mating pads 
coupled to the corresponding one of the . one or more lid 
mating pads, the bonding pads passing outside the. . . 
perimeter of the sealing ring. 



23. The device of claim 22, further comprising: 
on^ or fhbr^ spacers formed on the sealing ring. 
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24. A method for vacuum packaging integrated 
circuit devices, comprising : 

forming on a device wafer a plurality of integrated 
circuit devices; 
5 forming a plurality of first sealing rings, each of 

the plurality of first sealing rings surrounding one or 
more integrated circuit devices/ each first sealing ring 
positioned between the perimeter of the one or more 
integrated circuit devices and one or more bonding pads 
10 coupled to each of the one or more integrated circuit 

devices; 

. forming. on a lid wafer a plurality of second sealing 

riiigs corresponding in number and location to the 

plurality of first sealing rings; . 
15 forming a sealing layer on either each of the 

plurality of first sealing rings or each of the plurality 

of second sealing rings; 

aligning the device wafer and the lid wafer such 

that each of the plurality of first sealing rings, aligns 
20 with the corresponding one of the plurality of second 

sealing rings leaving a gap between the device wafer and 

the lid wafer; and 

- mating the device wafer with the lid wafer in a 

vacuuni environment to form a vacuum pacJcage. within each 
25 of - the plurality of first sealing rings and second 

sealing rings, each vacuum package enclosing one or more 

of the plurality of integrated circuit devices . . 

25. The method . of claim 24, further, comprising: 
30 forming a plurality of cavities on the lid wafer, 

each of the plurality of cavities formed within and 
surrounded by one of the plurality of second sealing 
• rings • 
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26. The method of claim 25, wherein the step of 
forming a plurality of cavities includes etching a 
plurality of pits in the lid wafer, each pit surrounded 
by one of the plurality of second sealing rings thereby 

5 ' leaving a cavity surrounded by one of the plurality of 
second sealing rings. 

27. The method of claim 25, wherein the step of. 
forming a plurality of cavities includes: 

10..;. etching a plurality of holes in a window wafer 

corresponding to the plurality of. integrated circuit ... 
devices; and 

bonding the window wafer to the lid wafer thereby 
creating a plurality of cavities corresponding to the 
15 plurality of integrated circuit devices, 

28. The:method of claim 24, wherein the step of 
mating the device wafer with the lid wafer includes: : 

placing the aligned device wafer and lid. wafer in a 

20 vaicuuirt chamber; 

• . . generating a vacuum within the vacuum, chamber; and 

closing :=the- gap between- the device wafer and lid 
•• ■ waf er- thereby- .Gdht acting th^ . . 

- ' • : ' rings - with :• the plurality., of. s,ecohd seal.ijigs-.rings creat irig 
25 ; a plurality of vacuum packages , each vacuum paQkage 

enclosing one. or more of . the plurality of integrated 
. .r-' circuit .devices-.-... • .. v. 

29. The method of claim 24, wherein 't^ 
30 mating the device wafer with the lid wafer includes: 

•placing the aligned device wafer, and lid wafer in a 

vacuiim funiace; 

generating a vacuum within the vacuum furnace;. . . .. 
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outgassing surface areas of the device wafer and the 
lid wafer by heating the vacuum furnace to a temperature 
sufficient to outgas the surface areas; 

closing the gap between the device wafer and lid 
wafer thereby contacting the plurality of first sealing 
rings with the plurality of second sealing rings creating 
a plurality of vacuum packages, each vacuum package 
enclosing one or more of the plurality of integrated 
circuit devices; and 

cooling the device wafer and lid wafer assembly 
after closing the gap at a rate determined to minimize 
subsequent outgassing of surfaces within the plurality of 
vacuum packages while minimizing thermal stresses on the: 
plurality of vacuum packages. 

30. The method/ of claim 24, wherein the step of 
forming a sealing layer includes forming an indium 
coni5)ression seal on each of the second sealing rings. 

31. The method of claim 24, whereih the step of 
forming a plurality of first sealing rings includes first 
forming a plurality of dielectric layer rings, each of 
the plurality of dieleGtric layer ririgs surrounding one 
or more integrated circuit devices, each dajelectric laj^^ 
ring pbsitioiied between the perimeter of the one or more 
iiitegrated circuit device and one or more bonding pads 
coupled to each of the one or more integrated circiiit 
devices. 
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32, The method of claim 24, further comprising : 
coating the inner surface of the lid wafer within 

each of the second sealing rings with an anti- reflective 
coating; and 

coating the outer surface of the lid wafer with an 
ant i- reflective coating. 

33. The method of claim 24, further comprising :; 
forming one or more spacers on the plurality of; . 

second sealing rings.. 

• 34, The method of claim 24, further comprising:, 
forming one "or more bonding pad channels in the lid 
wafer corresponding in location to the . bonding, pads on 
the device wafer. • . 

35. The method of claim 24, further comprising:. ^ 
oi>ening a plurality of probe access channels in the 
lid wafer following the formation of a plurality of 
vacuum packages, the plurality of probe access channels . 
providing access to the bonding pads for testing of a 
plurality, of vacuum packaged integrated circuit devices; 

"v testirig dach' of 'the plixrality of /vacuum package^ 
integrated circuit ^-^d^ By 'probing 4:KeA^^^^^^ : 

coupled to each integrated, circuit - device;; and . - 

dicing the plurality of vacuurfi packaged integrated 
circuit devices following testing thereof. 
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36. A method for vacuum packaging integrated 
circuit devices, comprising: 

forming on a device wafer a plurality of integrated 
circuit devices; 

forming a plurality of first sealing rings, each of 
the plurality of first sealing rings surrounding one or 
more integrated circuit devices, each first sealing ring 
positioned between the perimeter of the one or more 
integrated circuit device and one or more bonding pads 
coupled to each of the one or more integrated circuit 
devices; 

forming on a lid wafer a plurality of second sealing 
rings corresponding in number and location to the 
plurality of first sealing rings; 

depositing a sdlder layer on either each of the 
plurality of first sealing rings or each of the plurality 
of second sealing rings; 

aligning the device wafer and the lid wafer such 
that each of the plurality of first sealing rings aligns 
with, the .corresponding one of the plurality of second 
sealing rings leaving a gap between the device wafer and 
the lid wafer; and 

\ ma:ting tiie device wafer with the lid wafer in a 
' Vacuum .-'environment to form . a plural i ty of. vacuum 
packages, each vacuum package enclosing one or mbr^ of 
the plurality of integrated circuit devices . > 

37. The method of claim 36, further cbmprising: . 
heating the solder layer prior to niS€ing the device 

wafer with the lid wafer. 
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38. The method of claim 36, wherein depositing a 
solder layer comprises positioning a pref.orm solder 
pattern on the lid wafer in alignment with either the 
plurality of first sealing rings or the plurality of 
second sealing rings. 

39. The method of claim 36, wherein depositing a 
solder layer comprises electroplating the lid wafer. to 
deposit the solder layer. 

40. The method of claim 36, wherein depositing a ; 
solder layer comprises vacuum deposition of the solder. 

layer. 

41. The method of claim 36, wherein depositing a 
solder layer comprises electrpless plating,. 
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42. A method for vacuum packaging integrated 
circuit devices, comprising: 

forming on a device wafer a plurality of integrated 
circuit devices; 

forming a plurality of first sealing rings, each of 
the plurality of first sealing rings surrounding one or 
more integrated circuit devices, each first sealing ring 
positioned between the perimeter of the one or more 
integrated circuit device and one or more bonding pads 
coupled to each of the one or more integrated circuit 
devices; 

forming on a lid wafer ^ plurality of second sealing 
rings corresponding in number and location to the 
plurality of first sealing rings; 

forming a solder layer on either each of the 
plurality of first sealing rings or each of the plurality 
of second sealing rings; 

aligning the device wafer and the lid wafer such 
that each of the plurality of first sealing rings aligns 
with the corresponding one of the plurality of second 
sealing rings leaving a gap between the device wafer and 
the lid wafer; and 

mating the device Wafer with the lid wafer in a 
. vacuum environment to form a plurality of- vacuum 
packages, each vacuum package enclosing one or more of 
the plurality of integrated circuit devices. 

43. The method of claim 42, wherein forming, a 
plurality of first sealing rings compriseis forming a 
solder adhesion surface on each of the plurality of first 
sealing rings. 
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44, The method of claim 43, wherein forming a 
solder adhesion surface comprises: 

depositing a layer of titaniums- 
depositing a layer of palladium on the layer, of 
titanium; and 

depositing a layer of gold on the layer of 

palladium, 

45, The method of claim 42, wherein forming a 
plurality of second sealing rings comprises forming on a 
lid wafer a plurality of solder adhesion surfaces ... 
corresponding in number and location to the plurality of 
first sealing rings- 

46- The method of claim 45, wherein forming a 
plurality of solder adhesion surfaces comprises:, 
depositing a layer of titaniums- 
depositing a layer of palladium on the layer of 
titanium; and 

depositing a layer of gold on from the. layer of . . . 

palladium. 
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47. A vacuum package containing one or more 
integrated circuit devices, comprising: 

one or more integrated circuit devices formed on 
device wafer, said devices having one or more associated 
bonding pads; 

a sealing ring formed on the device wafer between 
the perimeter of the one ^or more integrated circuit 
devices and the one or more bonding pads coupled to the 
one or more integrated circuit devices; and 

a vacuum package lid sealed to the sealing ring, the 
vacuum package lid providing a vacuum cell for the one or 
more integrated circuit devices. 

48. The vacuum package of claim 47, further 
comprising: 

one or more spacers formed on the sealing ring. 

49. The vacuum package of claim 47, wherein the 
vacuum package lid includes a cavity formed therein and 
operable to increase the volume of the vacuum cell 
thereby decreasing the pressure level within the vacuum 
cell . 
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50. A vacuum package for integrated circuit 
devices, comprising: 

a sealing ring having one or more spacers, the 
sealing ring in a designated area on a substrate 
material, the sealing ring surrounding one or more 
integrated circuit deivices; and 

a sealing layer on the sealing ring. 

51. The vacuum package of claim 50, further 
comprising: 

a dielectric layer formed on the area designated as 
the sealing ring. 

52. The vacuum package of claim 50, wherein the one 
or more spacers comprise silicon nitride. 

53. The vacuum package of claim 50, wherein the one 
or more spacers are formed from the siabstrate material . 

54. The vacuum package of claim 50, wherein the 
sealing layer comprises an indium compression seal.. 

55-. . The vacuum packages of claim" 50, wherein the 
sealing layer cbmprises a sblder layer, v;: 



wo 01/56921 



PCT/USdl/03371 



FIG. 1 



1/6 





12 
fa 


12 14 

bh 


□ 


12 14 

bh 


□ 


□ oo 


□ 


□ 


□ 




□ 


n ° ° 


n 


□ 


□ 


r~l ; ; 


n 




□ 


□ : = 


□ 




□ 




□ 


d'- 


□ 




□ 




□ 




□ 




□ 


V 14 


□ 


12 '4 12 


12 


□ 



FIG. 




WO01/S6921 



PCT/USOl/03371 




fig: 3 



24 



22 



12 



20 
TO 



22 



14 



ESS 



18 



. 4 



FIG. 5 




wo 01/56921 



PCT/USOl/03371 




wo 01/56921 



PCTAJSOl/03371 



4/6 




wo 01/56921 



PCTAJSOl/03371 




wo 01/56921 



PCT/USOl/03371 



6/6 



At 



\ 
\ 
\ 
\ 
\ 
\ 
\ 



\ 

N 



82 


1 


80 


















84 






|l 

— t c r— T — — ^ 



32 



88 



=c:k-?-85 



=□ 



FIG. 1 3 



■V 



=0— 7>86 



30 



( START ^ 



FORMING A PLURALITY OF MEMS 
DEVICES ON A SU BSTRATE 

1 



FORMING A DIELECTRIC LAYER TO 
INSULATE MEMS DEVI CE LEADS 



FORMING A SEALING RING SURROUNDING 
ONE OR MORE MEMS DEVICES 



FORMING A SEALING RING ON LID WAFER 
CORRESPONDING TO DEVI CE WAFER SEALING RINGS 

i 



FORMING A SEALING LAYER 



ALIGNING THE DEVICE WAFER WITH THE LID WAFER 

'r \ ^ 



MATING THE DEVICE WAFER WITH THE LID WAFER 



I 



TESTING EACH VACUUM PA CKAGED MEMS DEVICE 



DICING THE COMPLETED ASSEMBLY 
INTO INDIVIDUAL DIES 



200 
202 
•204 
206 

-208 
-2.V0 
-212 
-214 

-216 



FIG, 14 



we 




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date (10) International Publication Number 

9 August 2001 (09.08.2001) PCX WO 01/56921 A3 

(51) International Patent Classification^: B81B 7/00 (81) Designated States (national): AE, AG, AL, AM, AT, AU, 

AZ. BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ, 

. . . « ^ ^nni n/vM x ^T, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 

(22) International Filing Date: 1 Februaiy 2001 (01.0^2001) NO.NZ,PL. PT,RO,RU, SD, SE,SG,SI,SK;SL.TJ,m 

TR, TT. TZ. UA. UG. UZ. VN, YU, ZA, ZW. 

(25) Filing Language: English 

(84) Designated States (regional): ARIPO patent (GH, GM, 

(26) Publication Language: English KE, LS, MW. MZ, SO, SL, SZ. TZ, UG, ZW), Eurasian 

patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
(30) Priority Data: patent ( AT, BE, CH, CY, DE, DK, ES, H, FR, C3B, GR, IE, 

09/496,820 2 Febraaiy 2000 (02.02.2000) US IT, LU, MC, NL, FT, SE, TR), OAPI patent (BF, BJ, CF, 

09/496,826 2 February 2000 (02.02.2000) US CG, Q, CM, GA. GN, GW. ML, MR, NE. SN, TD, TG). 

(71) Applicant: RAYTHEON COMPANY [US/US]; 141 Published: 

Spring Street, Lexington, MA 02421 (US). international search report 

(72) Inventors: GOOCH, Roland, W.; 6936 Sedgwick, Dal- (88) Date of pubUcatibn of the international search report: 
las, TX 75231 (US). SCmMERT, Thomas, IL; 91 1 SUp- 7 March 2002 



pery Bm, OviUa, TX 75154 (US). 
Agent: MEIER, Harold, £.; Ba 

Ross Avenue, Dallas, TX 75201-2980 (US). fdng of each regular issue of the PCT Gazette, 



For two-letter codes and other abbreviations, refer to the "Gitid- 
(74) Agent: MEIER, Harold, £.; Baker Botts L.L.P., 2001 once Notes onCodesandAbbreviations" appearing at the begin- 



(54) Title: VACUUM PACKAGE FABRICATION OF MICROELECIROMECIHANICAL SYSTEM DEVICES WITH 
INTEGRATED CIRCUIT COMPONENTS 



OS 



O 




50 



(57) Abstract^ A betbod for Vacuum packaging M04S devices is provided ti^ cbn]{>iises fonning a plur^ty bf^M^S devices' 
(12) on a device wafer (10). A fiisc sealing ring Xld) is formed surrounding one of the MEMS devices (12) and any associate d naating 
pads (70). A plurality of integrated circuit devices (80) is formed on a lid wafer (30) where each integrated circuit dievice (80) has 
one or more associated mating pads (82) and one or more associated bonding pads (86). A plurality of second sealing rings (32) is 
formed on the lid wafer (30) where ea^ of die second sealing rings (32) surrounds one of the integrated circuit devices (80) and any 
associated bonding pads (82). The second sealing ring (32) is positioned between the perimgfer of the integrated dfcuit device (80) 
and the associated bonding pads (86). A sealing \ay& is formed on either each first sealing xiiig (16) or each second sealing ring 
(32). The device wafer (10) is mated with the hd wafer (30) in a vacuum envirpnmem to form a pl^^ 
f>?5^ii vacmun package encloses one or more of the MEMS devices (12) and <me or more of the integrated drcnit devices (80). 



INTERNATIONAL SEARCH REPORT 



|t sttonal Application No 

PCT/US 01/03371 



. CLASStRCATION OF SUBJECT MATTER 

PC 7 B81B7/00 



According to tnlemational Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED . 



Minimum oocumentation searched (dassitication system followed by dassUication symbols) 

IPC 7 B81B 



Oocumentaiion searched other than minimtim documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted dunng the miemattonal search (name of data base and. where practical, search lemns used) 

EPO-Internal, WPI Data, PAJ, INSPEC, COMPENDEX 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category - Citation of dOcumeni. with indication, where appiopnate. of the relevant passages 



Relevant to ctatm No. 



EP 0 951 069 A (IMEC INTER UNI MICRO 
ELECTR ;CP CLARE CORP (US)) 
20 October 1999 (1999-10-20) 
figures 1-8,16 

paragraphs '0039!-' 0048! , '0058!-' 0061! 



22,23, 
47-50,55 



I, 5,7,9, 

II, 15, 
17,19. 
24,28, 
33,36, 
38, 

42-46, 
51-54 



-A 



13 



Further documents are listed in the continuation of box C. 



m 



Patent family nr)ennbers are listed in annex. 



* Speaal categories of ated documents : 

*A* document defining the general slate of the art which is not 

considered to be ot particular relevance 
'E* eartier document but published on or after the international 

filing date 

"L* document virhich may throw doubts on prtoiity clalm(s) or 
which is cjied to establish the publication date of another 
citation or ptherspeoat reason (as specified) 

*0* document referring to an oral disclosure, use. exhibition er 
other means 

*pr document published prior to (he international filing date but 
tater than the prtority date claimed 



*T* later document pubttstied after the inleimational flHng dale 
or prtoriiy date and not in conflict wHh the application but 
cited to understand the principle or theoiy underlying the 
invention 

*X* document of particular relevanoe; the ciaimad invemion 
cannot be cohsidared hovel or cannot be considered to 
involve an inventive step-when the document is taken alone 

*Y* document of pairticutar rei^hoe: the ctaimed Invention 

cannot be considered to involve an inventive step when the 
. document is boinbined with one or more other such docu- 
ments, such combination being obvious to a person sWHed 
fnihean. 

.*&* document member of me sanne paieiit family 



Date of. the adtial oompletiori of the international search 



28 September 2001 



Date of rhatiing ot the interhatbnai search report 



09/10/2001 



Name and mait|ng addrm ot the ISA 

Etiropeari Patent Office. P.B. 5618 Paientlaan 2 
. . . . . NL-2280HV Riiswiik 

TeL (♦31-70) 340-2040, Tx. 31 651 epo nl. 

Fax ('►dl-TO) 340-3016 



Authorized oftkser 



Poliesello, P 



Fofm PCT/ISA/210 (sacond shoal) (JuV 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 


r national Application No 




PCT/US 01/03371 


C.(ConUraiation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category " 


CUation ot documem. with indicalion.wtiere appropriate, oi the relevani passages 


Relevant to claim No. 


X 


wo 99 50905 A (HONEYWELL INC) 




24-26, 




7 October 1999 (1999-10-07) 




28,29, 






32.33, 








36,38, 








40,42, 








43,45. 








47-51,55 




figures 1-6 








rxskfick, 0 lino 10 «nana.C\ lino '^0 




1.5-7.9, 


A 










1 ^ Ifi 








17. 








19-23. 








27,30, 








31.34, 








35,37, 








39,41, 








44,46. 








52-54 


X 




EP 0 828 346 A (HARRIS CORP) 




24-26, 








31,35, 






47,49 




figures 5,6,9,11 








column 1, line 56 -column 2, line 27 








column 4, line 20 - line 57 








column 5, line 37 -column 6, line 6 






A 




1-23, 








27-30, 








32-34, 








36-46, 








48,50-55 


X 


■ — 

FR 2 780 200 A (COMMISSARIAT ENERGIE 




47,48, 




ATOMIQUE) 24 December 1999 (1999-12-24) . 




50,55 




figures 5-9 








page 5, line 25 -page 7, line 25 








page 8, line 14 - line 25 








page 9, line 32 -page 14^ line 22 




1-7, 


A 










9-15, 








17-19, 








22-24, 








28,34,. 








36-46, 








49,51-54 



Foon PCTASA/210 (eonfenuam ol Moondshaall (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Inf ormauon on patent family membf a 



It national Applleatlon No 

PCT/US 01/03371 



Patent document 
cited in search report 


Publication 
date 


Patent family 
me(nber(s) 


Publication 
date 


EP 0951069 


A 


20-10-1999 


EP 


0951068 Al 


20-10-1999 






EP 


0951069 Al 


20-10-1999 








JP 


2000141300 A 


23-05-2000 



UO 9950905 


A 


07-10- 


"1999 


EP 


1068638 Al 


17-01-2001 








WO 


9950905 Al 


07-10-1999 


EP 0828346 


A 


11-03- 


■1998 


US 


5798557 A 


25-08-1998 








EP 


0828346 A2 


11-03-1998 










JP 


10098121 A 


14-04-1998 










US 


5915168 A 


22-06-1999 


FR 2780200 


A 


24-12- 


-1999 


FR 


2780200 Al 


24-12-1999 








EP 


1090419 Al 


11-04-2001 










WO 


996781B Al 


29-12-1999 



Pom PCT/ISA/210 (patom tamHy arwiax) <JiiV 1992) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 



jfl BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning tliese documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 



^ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
6 FADED TEXT OR DRAWING 



THIS PAGE BLANK (uspto) 



